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Effects of Paper Mill Waste Water
On Cattle, Crops and Soil
Lowell L. McCormick*
INTRODUCTION
Since the movement of paper mills into the South, the value of land
rowing pine timber or capable of growing pine timber has greatly in-
reased. Many factors are responsible but no doubt the ready market for
oung trees was largely responsible. Prior to 1930, only a few mills were
pcated in the South and they were so scattered that little attention was
aid to the economic benefits from this industry. Today there are 63
lills manufacturing paper in the South. Eight of these are located in
.ouisiana. Annual consumption of pulpwood in the South has risen
fom 1.5 million cords in 1930 to 20.6 million cords in 1956. Consumption
1 Louisiana in 1956 was more than 1.6 million cords.
As with any new industry, problems arose that had to be answered.
)ne such problem concernmg agriculture was the effects of waste water
rom paper mills on livestock, crops and soil. When the mills first came
3 the South, land values were lower, livestock numbers were fewer and
lupplemental irrigation as applied today was almost unknown. In re-
;ent years land use has changed. Much land previously considered unfit
or farming is now being utilized, particularly land that can be irrigated.
Vith greater use being made of streams and land adjacent to streams,
lany farmers feel that the water in the streams should be used.
The chemical composition of paper mill waste water varies between
iiills, depending mostly on the efficiency of the recovery equipment used
nd the type of paper produced. For example, where kraft or brown
•aper is being manufactured the greatest concentration of chemicals in
ihe water is sodium and sulfates. Where bleached paper is being manu-
ictured, chlorides are among the components.
The waste water consists primarily of unrecoverable chemicals from
tie various washing processes. Different methods of disposing of the waste
'/ater are used at different mills. Mills located on large streams or large
'odies of water usually do not have difficulties in disposing of the water.
/Tills located so that they have to dispose of their waste water through
mall streams often have problems.
I
Several mills in the South are located on small streams that flow
liirough agricultural areas where livestock drink from the streams and
Assistant Agronomist, Department of Agronomy.
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the stream water is used for irrigation purposes. The Springhill mill
located on Bodcau Bayou, also known in some locations as Red Chu
Bayou. The stream flows through Webster and Bossier parishes for a
proximately 100 miles before emptying into Red River. It flows throu^
both upland and Red River alluvial areas.
Storage facilities at the Springhill mill, whefe most of these expe;
ments were conducted, consist of four reservoirs called impoundii
basins. Approximately 20,000 gallons of waste water are discharged p
minute into these basins. Storage facilities are available for storing tl
waste water for seven months. This storage is necessary since waste wat
is discharged only when conditions are favorable. The favorable cone
tions are high oxygen content in the stream, low water temperatures th
will slow down bacterial action, and a large volume of water in tl
stream to insure adequate dilution. Precautions have been followed
lessen chances of harm to fish life rather than to cut down on harmf
effects to domestic animals. These precautions do lessen the possibiliti
of having a high concentration of waste water in the stream at any tim
During and immediately after World War II the precautions no
taken were not strictly followed. The concentration of waste water w
much greater at times than it is now. It was during this period of laxi
that much controversy arose concerning the effects of waste water
the stream. When the wastes were discharged during periods of hie
water, much of the land adjacent to the stream occasionally overflowe
Many farmers in the overflow areas, especially those in the Red Riv
alluvial area, thought that the soil, crops grown on the overflowed so
and livestock drinking the water from the stream were adversely affecte
Many complaints were brought against the Springhill mill. Many larj
claims for damage were involved and many claims were settled by cou
action.
Since no data could be found on the specific causes of damage, tes
were begun to determine the effects of this waste water. In 1947 the I
ternational Paper Company, owner of the Springhill mill, entered in
an agreement with the Louisiana Agricultural Experiment Station i
Louisiana State University to begin research to determine the effects <
paper mill waste water on the growth of field crops growing on sc
that had been flooded with waste water, on cattle that were drinking tl
water, and on cattle that were grazing pastures that had been floode
The first experiment was conducted adjacent to the waste water ir
pounding basin at Springhill and was designed to determine the effect (
waste water on crops and soils. The experiment, located on the Tayl(
place, was begun in 1948 and continued through 1952. The second e:
periment was conducted in 1949 on land adjacent to the waste wati
4
mpounding basin and involved the use of steers grazing improved pas-
tures, with one group of steers drinking only fresh or well water and
nother group being forced to drink undiluted paper mill waste waters
lumped from the impounding basin. The third experiment was con-
[ucted during the winter of 1949 and the spring of 1950 in Bossier
I'arish on land adjacent to Red Chute Bayou. Steers were also used in the
led Chute experiment, with one group drinking only fresh or well
/ater and the other group drinking only water pumped from Red Chute
iayou during the time waste water was in the stream. The fourth experi-
lent was conducted at Springhill from 1950 through 1954 for the pur-
lose of determining the effect of undiluted paper mill waste water on
ired cows and their offspring. One group of cows drank only fresh or
/ell water and the pasture on which they grazed was irrigated with water
I rom the same source. The other group was forced to drink waste water
nd their pasture was irrigated with waste water.
After the first experiment on the Taylor place, where the crops had
Itroduced equally as well on soil flooded with waste water as on soils not
ilooded, another experiment was begun in 1952 to determine the pos-
ibility of beneficial effects from the use of paper mill waste water for
jupplemental irrigation on various crops and on the soil. This work was
londucted for four years by the author and is being continued by a
lember of the Agronomy Department of Louisiana State University.
REVIEW OF LITERATURE
Several extensive reviews of literature have been made in recent years
a relation to plant growth on saline and alkali soils. References cited
a the following review were taken from the reviews of literature in Ad-
'ances in Agronomy, Volume I; Diagyiosis and Improvement of Saline and
llkali Soils, U.S.D.A. Handbook No. 60; Irrigated Soils and Botanical
ieview, Volume II.
Much research has been carried on concerning saline and alkali soils
1 this country. Most of the work was done in the arid West where climate
nd soil differ from those in the South. In this review of literature, em-
phasis is placed on effects of source or type of water used for irrigation.
The alkali problem is as old as agriculture itself in arid regions. One
f the first workers in the United States to begin serious study of saline
nd alkali soils and their relation to plant growth was Hilgard (17, 18).^
le summarized in 1900 the data that had been accumulated. At this
arly date methods for determining the harmful compounds present in
^Numbers in parentheses refer to Literature Cited, page 42.
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the soil had been developed. Methods had also been proposed for tl
reclamation of soils affected by excess soluble salts in the soil or irrigatio
water.
For many years all soils containing more than 0.20 per cent solub
salts were called alkali soils. Harris (13) defined soil alkali as "solub'
salts that make the soil solution sufficiently concentrated to injui
plants." Hilgard (19) divided alkali soils in two classes: "white alkal
and "black alkali." He designated white alkali soils as those containit
the neutral salts, principally sodium chloride and sodium sulfate. ¥
stated that black alkali soils were those containing either sodium bicarb
nate, sodium carbonate or sodium hydroxide. Concentration of moi
than 0.05 per cent of these soluble alkalies could harm the growth
plants. Sigmond (35) in 1938 suggested that the salted soils be classifie
according to per cent salt, type of salt, effect the salt has upon soil stru
ture or a combination of these factors. He classified the soils as salin'
salty alkali, leached alkali, degraded alkali and regraded alkali soils.
Richards (31) with the U.S. Regional Salinity Laboratory has cla
sified the soils into three groups: saline, saline-alkali and nonsaline-alk
li. In this classification the conductivity of the soil extract and exchang
able sodium percentage are the bases for the separation of the group
This classification has generally been accepted.
Factors that cause the formation of soil alkalies have also be
thoroughly studied. McGeorge, Breazeale and Bliss (25) stated that alka
soils are usually present in areas where the rate of evaporation exceec
rainfall. The areas included generally are those that have less than
inches of rainfall. There are alkali areas not limited entirely by rainfa]
Magistad (26) states that another factor leading to soil alkali is po(
drainage, which may include both surface and subsurface. If neither su
face nor ground waters can drain away, the salt will be concentrated I
the evaporation of water. Sigmond (34) states that sodium salts may I
only slightly predominant at the beginning of salinization, but wit
further concentration, calcium may be precipitated out, leaving a hig
proportion of sodium salts.
Roe (32) states that allowing the soil to become water logged is vei
serious with alkali soils. Drainage is the best method of removing exce
water. Subsurface drainage allows excess salts to be leached out of tl
soil, but some may be removed by surface drainage.
As most soils in their natural states in the rain belt of the humi
South do not contain excess soluble salts, salinity will probably only b
come a problem through the use of unsuitable irrigation water. In a
tempting to estimate whether a source of water is suitable or not, the pul
lished data may not be entirely applicable to Southern conditions. Keif'
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21) warns against adopting a hard and fast rule for permissible salinity
1 irrigation waters. He found that under laboratory conditions, leach-
pg a soil with a solution having a sodium-calcium ratio of 2: 1 did not in-
rease the adsorbed sodium in the soil. However, he observed that this
iractice might not hold true under field conditions.
Smith and others (36) classed a good irrigation water as one low in
lalts. They state that the combination of salts is as important as the total
mount of salts. Water containing over 600 parts per million total salts of
vhich 50 per cent are sodium salts is of doubtful quality and could lead
0 soil salinity. According to McGeorge (24) the quality of irrigation
^ater is largely determined by the percentage of sodium and calcium in
he water. The higher the calcium content of a water, that is, the harder
he water, the greater its value for irrigation. Kelly, Brown and Liebig
22) also proposed that in addition to the total amount of salts in ir-
igation water, quality should be determined by the ratio of cations
>resent. The ratio of sodium to calcium and magnesium should not ex-
eed 1:1. Wilcox (42) has classified quality of irrigation water accord-
ng to conductivity and per cent sodium. Waters with a conductivity of
ip to 2,000 micromhos per centimeter and a sodium content up to 60
ter cent are considered permissible for judicious use. However, waters
lot exceeding a conductivity of 750 micromhos per centimeter and a
odium per cent of less than 40 are preferred. Eaton (8) found waters
ontaining sodium to the extent of 65 per cent of the total cations to be
'f doubtful quality. Waters with less than 50 per cent sodium as total
ations are satisfactory and those with over 65 per cent are a progressively
•reater hazard as the percentage increases. Smith and others (36) also
lassified waters in respect to anions present. Waters containing 0-175
')arts per million chlorides or 0-350 parts per million sulfates are classi-
ied good; 175-290 parts per million chlorides or 350-600 parts per mil-
ion sulfates are classified fair. All concentrations greater than these
re considered poor.
Soil texture should be considered when considering quality of irri-
i;ation water that can be used. Thorne and Peterson (38) stated that the
oncentration of salt accumulating in the soil solution is usually two to
me hundred times that of the irrigation water used. In heavily irrigated
andy soils the soil solution tends to approach the same concentration as
he irrigation water. In clayey soils the concentration of the soil solution
lear the wilting point may be 100 times that of the irrigation water
ivhere permeability is low and field capacity is high compared with the
iv^ilting percentage. Harris (13) states that because of the greater sur-
lace exposed, fine clays, loams, and soils high in organic matter hold the
alts by adsorption more tenaciously than the coarser grained sands.
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The structure and composition of the soil may be affected by s<i
alkalies. In the case of saline soils, Richards (31) considers the chemid
changes to be merely an excess of salts. The soils generally are f1(
-
culated and their permeability is equal to or higher than that of similr
nonsaline soils. Thorne and Peterson (38) agreed that saline soils 2Z
usually characterized by their excess of soluble salts although there mv
be some indirect effects of salts in altering soil structure, permeabily
and aeration. They also state that alkali soils are usually characterizl
by high exchangeable sodium, poor physical conditions and frequet
high alkalinity in addition to the varying amounts of soluble salts. Fortir
(11) stated that alkali will disperse the colloidal material in the sc
,
resulting in the clogging of pore space and making the soil less permeab ,
poorly aerated and undesirable for aerobic bacterial action. Harris (1
says that the chief effects of salts on physical condition of the soil ai:
change in structure or tilth, an altering of the colloidal substances, it
formation of a hard pan and change in moisture relations. Ratner (3
states that the changes in the physical properties of the soil have bei
noted even when there are only relatively small amounts of exchans -
able sodium in the soil. The properties affected were the retardation f
the capillary rise of water, decrease in the filterability and increase f
dispersibility and swelling.
The quantity of water that should be applied per irrigation hs
some relationship to quality of water used. McGeorge (24) found i
laboratory studies that more sodium was adsorbed by the soil whes
small amounts of water were applied per irrigation than when enou i
water was applied to carry salts below the root zone. From field studis
at the Safford experiment farm, McGeorge, Breazeale and Bliss (25) stde
that there was a rapid adsorption of sodium by the soil when water frci
a well containing 4,000 parts per million total salts was used. Howev
,
when adsorption reached a sodium percentage of 25 per cent the s<l
was apparently in equilibrium with the salt in the irrigation water ail
no more sodium was adsorbed. They state that when water of hi i
salinity is the only water available, it is accepted practice to increi-
the frequency of irrigation or the volume of water used per applicaticj
Unless water in excess of the crop requirement is applied to the lai
there will be a build-up in salinity.
Several writers have established limits for various kinds of salts
soil. Davis and Wilson (7) state that conditions vary so widely that
fixed minimum of safe alkali content can be established. They do
general minimum limits of 0.10 per cent sodium carbonate, 0.50 per cejt
sodium chloride or 1.00 per cent sodium sulfate. They also state tht
soils having less than 0.50 per cent soluble salts are safe for agricultu]!
8
Sse and those containing over 0.50 per cent are unsafe. Fortier (11) set
'|he minimum of safe alkali content at 0.10 per cent sodium carbonate,
).25 per cent sodium chloride and 0.50 per cent sodium sulfate.
Sigmond (35) states that saline soils have high salt contents, at least
).10 per cent total salts or more than 0.05 per cent sodium carbonate.
\lkali soils contain at least 12 per cent exchangeable sodium and potas-
ium in terms of exchange capacity. Thorne and Peterson (38) state
hat approximately 0.20 per cent soluble salts is the upper tolerant limit
^lor crops in general.
The greatest problem with alkali in soil is its effect on plant growth
nd yield. It will be necessary to discuss salinity and alkalinity in soils
leparately as each will affect plant growth in different ways. Thorne and
'feterson (38) list three ways in which the effects of salts in saline soils
nay depress plant growth. These are prevention of water uptake by
'plants, chemical effects of the salt in disturbing nutrition and metabolism
Df plants, and the indirect effects on soils by deterioration of permeability
|)r aeration. Earlier investigators were continuously searching for toxic
'f iubstances that were causing ill effects on plant growth. Eaton (9) was
)ne of the first American writers to point out that when grown in saline
olution, plants are merely reduced in growth without any marked
:hange in general appearances. He stressed the fact that there is no clear-
^ :ut limit below which plants will make healthy normal growth or above
A^hich plants will be killed.
Thorne and Peterson (38) state that the relative toxicity of one salt
done or a combination of salts has been almost proportional to the con-
:entration in the soil solution. The ease with which plants absorb soil
' vater is a function of the difference between the osmotic pressure of the
"blant root cells and the sum of the osmotic pressure of the soil solution
%nd the physical tensions on it due to the curved air-water menisci
*pounding the solution in the pores. Any drastic fluctuation in osmotic
"bressure in the soil solution would greatly influence water availability.
fVfagistad and Reitemeier (27) showed that if the soil solution held at
'^•[15 atmospheres suction has an osmotic pressure of less than two at-
*nospheres, that is, if it contains less than 0.4 per cent of dissolved
4alts, no crops suffer from salt trouble, but if the osmotic pressure at this
iuction is 10 atmospheres, most crops suffer severely. If the soil solution
jioes not contain appreciable amounts of sodium carbonate or borate,
he composition of the salts is relatively unimportant compared with
heir effect upon the osmotic pressure of the solution. According to
Richards et al. (31) if a soil is saturated with water and then some of
li' ;he solution is removed by suction and it has less than 3,000 parts per
nillion of salts, or has a specific conductivity at 25° Centigrade of less
than four millimhos per centimeter, no crop is likely to suffer from g
eral salt injury. However, if the salt content exceeds 6,000 parts
]
million or the conductivity exceeds eight millimhos per centimeter, tt
only salt tolerant crops will grow and even their yields are likely to
reduced.
Wadleigh and Ayers (40) also indicate that the osmotic pressure
the soil solution is closely related to the rate of water uptake and grov
of plants in saline soils. Ayers and Campbell (1) found that with i
addition of increasing amounts of soluble salts to a soil, a total moisti
stress of 15 atmospheres will occur even at increasing soil moisture p
centages. This means that the amount of moisture available betw(
field capacity and a total soil-moisture stress of 15 atmospheres will
crease with increasing soil salinity. As electrical conductivity is easily
termined, this value can be used for estimating the osmotic pressure
soil solution.
Scientists do not fully agree on the effects of salt accumulation
disturbing nutrition of the plant. Uhrits (39) noted that the germi
tion of alfalfa seeds was retarded more by sodium chloride solutions it
by mannitol solutions at equal osmotic pressures. In many instances
differences between the effects of various salts and of drouth due to 1:
of rainfall cannot be measured. The lack of water may cause resi
similar to the chemical effects from salts.
Thome and Peterson (38) state that disturbed plant metaboli
caused by saline conditions has been viewed primarily in terms of
trogen and carbohydrate relation. Nightingale and Farnham (29) a
Hayward and Long (14) grew plants at increasing osmotic concenf
tion attained by concentrating the nutrient solution. The ratio of i(
was kept fairly uniform, but at the higher osmotic pressures the nitro^
supply was extraordinarily high. Analysis showed high carbohydrate c
tent despite the presence of ample nitrate.
Thorne and Peterson (38) state that the specific effects of alkali
plants are distinct from those of saline soils and appear due to a h
caustic alkalinity, toxicity of the carbonate ion and the effects of
changeable sodium. The effects of high alkalinity seem due first to
fact that some plant roots and organic matter are dissolved when the
]
exceeds 9. High alkalinity may have important effects on plant nutriti
This high alkalinity is due to the replacement of chlorides and sulh
by carbonates. The influence of exchangeable sodium is two-fold, in t]
it promotes poor physical condition in the soil and it brings about
unbalanced nutrition in plants.
Magistad (26) and others have found that as the percentage of sc
um saturation became greater than 12 per cent the soils became m
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difficult to manage, even under comparatively low moisture contents.
Bower and Turk (3) found instances of very low available supplies of
h| calcium and magnesium in alkali soils. They state that calcium starva-
tion is one of the injurious effects of alkali soils on plants. Breazeale (4)
stated that the presence of calcium, even in minute amounts, increases
the tolerance of wheat seedlings for alkalies. Mulwani (28) , using ly-
Jsimeters in soil solution studies, noted that the addition of sodium
t
chloride to soil resulted in depression of solubility of phosphates. He also
I noted a movement of organic nitrogen constituents, iron, aluminum and
manganese in soil containing low amounts of calcium. The above condi-
etions were much less noticeable with high calcium content. As the
sodium chloride was moved from the soil, the phosphate became more
soluble.
Ayers, Wadleigh and Magistad (2) in 1943 grew red kidney beans
using water at four concentrations of salts—0, 1,000, 2,000 and 4,000 parts
per million of sodium chloride—and at three moisture tensions. The
growth and yield of beans decreased as the concentration was increased
or as the moisture tension increased at time of irrigation. They found
ithat the relative effect of sodium chloride was greater when per cent
1; moisture was lowest and moisture tension was greatest. Even though salts
luare usually less harmful when large amounts of calcium are present in the
soil, Wadleigh, Gaugh and Kolish (41), using Pachappa loam, a soil high
in calcium, found that chlorides at a high level in the soil were very toxic
to the plant. Orchard grass was completely killed at 0.27 and 0.41 per
cent chlorides. Calcium nitrate at the 0.40 per cent level was also lethal.
The effects of and conditions contributing to the formation of
salted" or "alkali" soils discussed in previous literature were in areas of
low rainfall. Salts are not lost by leaching and only small amounts are
Jremoved by plants. In the humid South with rainfall ranging from 40
to more than 60 inches annually, "salted" soils are very seldom found
under natural conditions. Very little literature is available on the effects
of salts under these conditions. The quality of irrigation water for rice
(generally is good if it contains less than 600 p.p.m. (parts per million),
tof soluble salts (12) . Water that contains more than that amount of sodi-
um chloride should not be used to irrigate dry soils and cannot be
tkjused throughout the growing season and year after year without injury
to both crop and soil.
For many years in Louisiana rice growers {loc. cit.) have found that
if the soil is already moist from fresh water, rice will tolerate the
following concentrations of salts as a sodium chloride in irrigation water
scat different stages of growth:
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35 grains per gal. or 600 p.p.m.—tolerable at all stages of growth. Nt
harmful.
70 grains per gal. or 1,200 p.p.m.—rarely harmful and only to seedlins
when soil is dry enough to crack. T< -
erable from tillering on to headii
.
100 grains per gal. or 1,700 p.p.m.-harmful before tillering. Tolerati
from booting to heading.
200 grains per gal. or 3,400 p.p.m.-harmful before booting. Tolera)
from booting to heading.
According to Sturgis (37) , it is difficult to generalize on the relatic -
ship between the amount of salt in irrigation water and the resultat
accumulation of salt in the soil. It is commonly accepted that crops wl
allow the accumulation of at least 0.12 per cent salts in the soil basl
on the dry weight of the surface soil. The Louisiana Experiment Stati«ji
gives the following illustration to bring out the relationship betwei
the concentration of salt in water and the accumulation of salt in te
soil: One flooding of 6 acre inches of water containing 600 parts pr
million of salt would leave in the surface soil 800 pounds per acre ^
salt. Three floodings with water of this concentration would contai
about all the salt, 2,400 pounds per acre, that a rice crop could safcy
endure.
In years of less than normal rainfall, brackish water intrudes frci
the Gulf of Mexico into the streams and waterways that supply irrii -
tion water for the Gulf Coastal Prairie soils of Louisiana and Texas, i
some areas, wells are often drilled into water-bearing strata that touii
nearby salt domes. They may become salty in periods of heavy dral-
down. When the concentration of the water reaches 1,200 p.p.m. of sol-
um chloride, two or more floodings seriously damage the crop and ini
few years may produce harmful conditions in the soil. Sometimes t^
electrical conductivity values of saturation extracts of affected sos
have risen above 4.0 millimhos per centimeter at 25° C, the pH abo?
7.5, the contents of soluble salts above 1,000 p.p.m., or the sodium sai -
rations to nearly 15 per cent. 1
The effects of the continued use of salt water include increases
compactness or bulk density of the soil and loss of permeability of t
soil to air and water.
Rice is more tolerant of water containing a mixture of soluble sa
that contain relatively little sodium and chlorides. When the dissolv
salts in the irrigation water are lower in concentration than the solul
salts in the soil, rice has been grown during the time that the saline ai
saline-alkali soils are being reclaimed. If the damage to soil from t
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use of salt water is not of long standing, it can be corrected by flushing
and increasing the surface drainage.
Maclntire and others (23) brought from Colorado to Tennessee
(jsamples of two soils from barren alkali spots. The two soils were the
n Grand Junction sandy loam and the Rocky Ford clay. Using lysimeters,
they checked these two soils, along with a native Tennessee soil (Cumb-
erland clay loam) to determine loss of soluble salts for four years. Neither
the Cumberland clay loam nor the Rocky Ford clay lost any appreciable
amounts of soluble constitutents during the four years. However, under
an average rainfall of approximately 47 inches per year the Grand Junc-
tion sandy loam lost by leaching 12,500 pounds of calcium, 16,000
pounds of magnesium, 10,000 pounds of sodium, 600 pounds of potas-
sium, 7,000 pounds of sulfates, and 26,000 pounds of chlorides per acre
for the 4-year period. Over 90 per cent of these amounts were lost the
first year.
Fieger and Sturgis (10) in a study of Coastal Prairie soils of Louisi-
ana found that irrigation of the soil had increased total exchange ca-
pacity and alkalinity, probably due to the hydrolytic action of water it-
self or of water in combination with monovalent basic ions. The use of
saline irrigating water had caused the greatest increase in the amount of
replaceable sodium in the exchange complex, whereas deep well water
caused the smallest increase. The soluble alkali content was low for each
irrigated soil studied, and in the case of the non-flooded soils no free al-
kali was present.
In March 1932, a storm along the eastern shore of Virginia flooded
several thousand acres of farm land with salt water from Chesapeake
Bay. Hester (16) of the Virginia Truck Experiment Station analyzed
soil from fields that were inundated for different lengths of time in the
flooded area. These analyses were begun immediately after the flood
and were continued for several months to determine the rate at which
the salts were removed, the effects of salts on various soil types, and other
factors. Soils that had been plowed immediately before the flooding ac-
cumulated five times as much salt as soil that had not been broken.
Coarse-textured soils that contained 0.15 per cent sodium chloride after
flooding in April 1932 contained only 0.06 per cent in December 1932
after being leached by 24 inches of rainfall. In the top 3.5 inches of soil
the calcium content dropped by over 50 per cent after the flooding while
magnesium and sodium increased. Sandy soils low in organic matter and
containing 0.2 per cent salt delayed germination of seed of several vege-
tables, and some young plants showed sign of injury. Field results showed
injury to strawberry plants on a soil high in organic matter and with
about 0.45 per cent soluble salt, mainly sodium chloride, whereas on a
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soil with a low organic matter content and with 0.23 per cent salt tl'
plants were killed outright.
Plants differ in their ability to withstand the harmful effects :
salinity. Briggs and Shantz (5) showed that plants have different abiliti>
to extract water from soils in the wilting range and the plants that a;
natural inhabitants of saline soils tend to have greater ability to extra:
water from the soils at the drier end of this range. Russell (33) stati
that in practice salt tolerance is a very complex concept. The toleran?
of a plant may be low when it is young but high when established. /
falfa is an example. Some plants, such as alkali grasses, may remain ali
'
under conditions of high salt content in the soil, but they are not [
economic importance. Plants such as cereals will grow and produce muu
green matter in soils too saline for them to produce any grain. Sor?
forage crops may contain so much salts that they are unpalatable or i-
jurious to livestock.
!
In 1936 Kearney and Scofield (20) reported the choice of crops f •
saline soils, using as a basis the percentage of soluble salts in the tot I
dry weight of the soil to the depth reached by the roots. Some of t]i
crops that grew under the conditions of various concentrations of sajj
w^ere as follows: over 1 per cent soluble salts—none; 0.8 to 1.0 per cet
soluble salts—Bermuda grass; 0.6 to 0.8 per cent soluble salts—rye gra
,
fescue, sorgo; 0.4 to 0.6 per cent soluble salts—cotton, small grains f;
hay; and 0.1 to 0.4 per cent soluble salts—small cereal grains, corn, pe>
and clovers. Less than 0.1 per cent soluble salts is negligible and usual/
does not harm crop production.
In recent studies at the U. S. Salinity Laboratory, Riverside, Californ
(31) , the tolerance of various crop plants has been studied according
(1) the ability of the crop to survive in saline soils, (2) the yield of t]
crop on saline soils and (3) the relative yield of the crop on a salii
soil as compared with its yield on a nonsaline soil under similar gro
ing conditions. In these investigations the yields of most fruit, vegetab'
forage and field crops were measured under specific conductances of t];
saturated soil extract. The yields vary with climatic conditions but \}
serve as a guide in determining the relative tolerance of various cro]l
According to these studies the relative tolerance of some crop plar>
grown in this area may be grouped in three classes. The sensitive cro^
are those that are reduced in yield from salt concentrations in soils sho -
ing conductivity of saturation extracts as low as 2 to 4 millinhos/cJ
Field beans, Ladino clover, red clover and white clover are included
this class. The semitolerant crops are those whose yield may be reduo
on soils with saturation extracts as low as 4 to 12 millimhos/cm. Includi
in this class are Canary grass, brome grass, cereal grains, small grains f
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hay, sweet clover, Dallis grass, rye grass, alfalfa, sorghums and Sudan
grass. The tolerant crops are those whose yields are not greatly reduced
until conductivity of the saturation extracts of the soils exceeds 12 mil-
limhos/cm. These include cotton, rescue grass, Bermuda grass and barley
for hay and grain.
Crawford (6) began a study in Franklin, Virginia, in 1957 to de-
termine whether certain wastes from sulfate pulp mills could be used as
i|a source of water for spray irrigation of crops. He reports increased
^ yields from the use of paper mill waste as a source of irrigation water
for corn and peanuts. Soil tests of the irrigated area, which was classed
as Norfolk sand, showed that the pH had been increased from a range
4oi 5.6-6.9 to a range of 5.9-7.2, or about 0.3 pH. The pH of the waste
nlwater was 6.9. Studies are being conducted by other paper companies
but no publications on those studies are available at this time.
EXPERIMENTAL
i The Effects of Paper Mill Waste Water on Crops on Almont Very
Fine Sandy Loam at Taylor Place, Springhill, 1948-52
The first experiment to determine the effects of paper mill waste
water was begun in 1948. The purpose of this experiment was to deter-
mine the effects of applying paper mill waste water at different rates to
the soil before planting the crops. The site selected for the experiment
was on Almont very fine sandy loam soil on the Taylor farm near Spring-
hill in Webster Parish, Louisiana. This area had been for several years
in permanent pasture of common Bermuda grass and lespedeza.
The experimental design was a randomized block type with four rates
waste water applied to each of the different crops. Each treatment of
water to each different crop was replicated three times. The individual
plots of 14 feet by 75 feet were arranged in blocks 75 feet by 168 feet.
The treatments were no water, 3 inches of waste water, 6 inches of
waste water and 12 inches of waste water applied each year. The three
crops were cotton, corn, and a Dallis grass-white clover-lespedeza meadow.
^l|Common Bermuda grass which was present due to previous land use was
the dominant grass in the meadow plots during the later years of the
experiment.
Land preparation was begun early in March 1948. After the area had
^"been flat broken, two tons of dolomitic limestone per acre were broad-
'cast on the plots that were to be planted to the meadow mixture. The
i^^rows in the cotton and corn plots were then formed and undiluted waste
water was pumped from the impounding basin into the furrows. The
entire amount for each treatment was allowed to soak in the soil before
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the crops were planted. Each year the application of waste water on tl
plots was begun as early in the spring as possible. In years of lart
amounts of rainfall in the spring, application of the predetermine
amount of waste water could not be completed until approximately tl
middle of May. In 1950 and 1951, the crop yields were very low becau*
of the late planting followed by a dry summer.
Each year after the waste water had been applied and the soil w;
dry enough to be plowed, a complete fertilizer was applied in the watci
furrow and the rows were set up over the fertilizer just before plantin;!
On the meadow plots, the fertilizer was broadcast as a top-dressinil
Cotton was fertilized with 600 pounds of 8-8-8 per acre. Corn was fe|
tilized with 400 pounds of 8-8-8 per acre plus 400 pounds of sodium n
trate applied as a side-dressing when the corn reached a height of a]
proximately one foot. Three hundred pounds of 3-12-12 per acre wei
disked into the soil before the Dallis grass and lespedeza were planted i
May. In the fall of 1948, white clover was seeded on the meadow plot
and each spring thereafter 400 pounds of 8-8-8 per acre were applie*
The variety of cotton planted each year was DPL 15, and the corn hybri;
was Dixie 11.
j
After the waste water had been applied each spring, and the croj
were planted, all plots in each crop were cultivated in a like manne
The cotton and corn plots were four rows wide, but only the two insit
rows were harvested for yield determinations. The yields from the me,
dow plots were determined by cutting the entire plot and weighing tl
dry forage from two 10 feet by 10 feet squares from each replicatio
Yield data for each of the different crops with the different rates of wat(
are presented in Table 1 for the years 1948 through 1952. Yields fro
the meadow plots were obtained from 1948 through 1951.
The data show no significant differences in yield for any crop f(
any particular water treatment for the years tested. The yields of croj!
varied considerably from year to year. Some years the cotton and coij
could not be planted until late May or early June. The yields were rel|
tively low during the entire test period. The cotton suffered in 1950 ar|
1951 from insufficient moisture, and additional losses were caused froj
heavy boll weevil infestation. However, no detrimental effects on tl
crop yield could be ascribed to waste water.
At the conclusion of the experiment in 1952 soil samples were takt
from each replication of each treatment to determine differences in p
cent organic matter, pH and soluble salts that may have accumulated ;
a result of the effects from waste water. The results of these analyses a
!
presented in Table 2.
The data from Table 2 show that the change in pH and retention
j
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soluble salts in the soil was negligible after five years for all rates of
paper mill waste water. The pH was slightly higher on plots irrigated
with paper mill waste water than on the check plots, but for no treat-
TABLE 1.—Effects of annual applications of 3, 6 and 12 inches per acre of paper
mill waste water containing 1,200 to 1,800 parts per million total solids on
the yields of cotton, corn and clover-grass hay on Almont very fine sandy
loam at Taylor Place, Springhill, Louisiana, 1948-1952
Pounds of seed cotton per acre
Treatment 1948 1949 1950 1951 1952 Av.
No waste water added 667 1,167 435 47 1,228 709
3 in. waste water '7or 1,250 451 73 1,257 751
6 in. waste water 045 1,208 427 92 1,190 JUo
12 in. waste water Doo 1,215 449 83 1,317
Pounds of shelled corn per acre
Treatment 1948 1949 1950 1951 1952 Av.
No waste water added 1,064 2,979 2,324 1,233 2,978 2,116
3 in. waste water 1,344 3,500 2,559 1,250 3,127 2,356
6 in. waste water 1,019 3,192 2,699 1,017 2,727 2,131
12 in. waste water 1,198 3,517 2,559 1,051 2,703 2,205
Pounds of grass clover hay per acre
Treatment 1948 1949 1950 1951 Av.
No waste water added 2,535 3,028 3,613 4,400 3,394
3 in. waste water 2,302 2,911 3,574 3,900 3,172
6 in. waste water 2,749 3,031 3,580 3,367 3,182
12 in. waste water 2,524 3,021 3,677 3,800 3,255
TABLE 2. -Effects of annual additions of 3, 6 and 12 inches per acre of paper mill
waste water containing 1,200 to 1,800 parts per million total solids on or-
ganic matter, pH and per cent soluble salts in the soil on Almont very
fine sandy loam planted to cotton^, com and grass-clover meadow, 1948-1952
Cotton Corn Grass-clover meadow
Treatment % O.M. pH
% Sol.
salts % O.M. pH
7o Sol.
salts % O.M. pH
% Sol.
salts
No waste
water added 1.112 5.7 0.02 1.020 5.6 0.03 1.185 6.5 0.02
3 in. waste
water 1.050 6.1 0.02 1.110 6.8 0.02 1.196 6.5 0.03
6 in. waste
water 1.000 5.8 0.02 1.006 6.0 0.03 1.202 6.7 0.02
12 in. waste
water 1.052 6.2 0.02 1.120 6.2 0.02 2.220 7.0 0.02
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ments was the pH excessive. The biggest increases in the pH of the grasj
clover plots were brought about by the addition of agricultural lim(
stone. No detrimental conditions were developed due to flooding wit]
any of the three rates of paper mill waste water.
Effects of Paper Mill Waste Water as Drinking Water for Steers
Grazing on Improved Pasture at Springhill, 1948-49
An experiment to determine the effects of undiluted waste water a
a source of drinking water for steers grazing on improved pasture ac
jacent to the impounding basin at Springhill was conducted from Angus
1948 through October 1949. The site was on Almont very fine sand
loam, a soil representative of much of the soil in the Springhill arec
The experiment involved two pasture areas, each containing 6.
acres. Five steers were grazed in each pasture area. The steers in on
pasture area were required to drink paper mill waste water pumped dj
rectly from the impounding basin. This water was undiluted except fo!
dilution caused by rainfall in the basin itself.
j
The areas to be used for pasture were cleared during the early parj
of August 1948. Part of this land had been in row crops several yeai
back, so clearing it consisted mainly of removing underbrush and smal
trees with a bulldozer. Soil tests showed a need for lime, and 1.5 ton
of dolomitic limestone per acre were applied on August 15, 1948. Thj
areas were then double disked and leveled.
On September 20, 1948, the areas were fertilized with 3-12-12 at th!
rate of 400 pounds per acre and seeded to Victorgrain oats at the rate c
one bushel per acre. White clover was seeded at the rate of 6 pounds pe
acre on October 13, and Dallis grass was seeded at the rate of 14 pound
per acre on October 18, 1948. - ^
|
Plans were made to begin grazing the pastures about the first part c"
February 1949, but, since the soil had been broken relatively deep in pn
paring the seedbed, the pastures were too boggy to support the animalijl
Grazing had to be postponed until April 2. Two hundred pounds of 5-1(1
5 fertilizer per acre were applied on February 3, 1949. Kobe lespedeza a||
the rate of 15 pounds per acre was seeded on March 1, 1949.
Ten grade Hereford steers to be used in the experiment were pui
chased February 11, 1949. Nine of the steers were purchased from th
Beene Planting Company near Bossier City and one from the Clark-Kell
auction. This steer also came from the Beene Planting Company herd, i
representative of the Louisiana State University Veterinary Science D(
partment ear tagged, wormed and vaccinated the steers for blackleg an
malignant edema on February 15, 1949. The steers were then weighe^
and placed in one of the two groups of five animals each according t
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weight, type and general characteristics. The steers were permitted to
e graze when possible on the pastures until April 2, 1949, with all the ani-
;i mals drinking fresh well water. On April 2, the steers were weighed and
grouped again as originally separated. One group was placed on its pas-
ture area and forced to drink paper mill waste water pumped directly
from the impounding basin while the other group was placed in the sec-
ond pasture area and continued drinking fresh well water.
Some supplemental feed was necessary in the spring after the oats
were grazed down and before the Dallis grass made sufficient growth to
furnish adequate grazing. The supplemental feed was Sudan grass hay.
Supplemental feed was also necessary from September 1 until October 19,
the date on which the test ended. The feed consisted of one pound of
cottonseed meal, three pounds of cottonseed hulls and approximately
J four pounds of alfalfa hay per steer per day. The final weighing was
li
made at the pastures on October 19, 1949. Data showing weights of the
two groups of steers are presented in Tables 3 and 4.
At the final weighing at the pastures the steers were inspected by any-
one who so desired. Two members of the Veterinary Science Department
of Louisiana State University inspected the steers before their removal to
TABLE 3.—Monthly weights showing gains or losses of steers forced to drink undiluted
paper mill waste water while being grazed on improved pasture at Spring-
hill
Steer
Weights of steers, lbs. Gain to
No. Apr. 2 May 2 June 2 July 2 Aug. 2 Sept. 7 Oct. 19 Oct. 19
402 545 590 600 676 717 764 695 150
403 650 719 726 732 816 845 835 185
411 560 605 660 717 767 805 790 230
414 570 620 653 722 750 799 800 230
424 635 665 706 755 794 826 785 150
Av. wt 592 640 669 720 768 808 781 189
TABLE 4.—Monthly weights showing gains or losses of steers forced to drink fresh
well water while being grazed on improved pasture at Springhill
Steer
Weights of steers, lbs. Gain to
No. Apr. 2 May 2 June 2 July 2 Aug. 2 Sept. 7 Oct. 19 Oct. 19
401 555 595 630 676 715 768 720 165
407 555 603 669 697 763 799 780 225
408 645 717 757 817 890 909 905 260
409 555 618 636 657 733 754 725 170
413 642 715 753 793 869 908 850 208
Av. wt. 590 650 689 728 794 828 796 206
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the slaughter house. They reported that the cattle receiving fresh watei
had slightly longer and rougher coats of hair than those drinking wast(
water. Immediately after the weighing at Springhill the animals wer(
trucked to Shreveport and put in a dry lot at the Shreveport Packing
Company. Early on the morning of October 20, a slaughter house numbei
replacing the original identification number was attached to each steer
so that inspecting veterinarians could not identify the animals by num
ber. The steers were weighed and then slaughtered. As each animal wa.
slaughtered, four local veterinarians, two staff members of the Veterinar^
Science Department and a representative of the State Livestock Sanitan
Board examined the internal organs and carcasses.
The reports submitted by the staff members of the Veterinary Science
Department were summarized as follows: There was a general infestatior
with internal parasites. There was a slight inflammation of the ileo-ceca
orifice in 7 of the 10 animals. One in the waste water group and two ir
the fresh water group did not show inflammation of the ileo-cecal orifice
The majority of the animals showed some slight irritation in variou
areas along the intestines. This is not at all uncommon. In one wastfj
water animal there was a healed area in the mouth and another had om
light colored kidney. One animal in the fresh water group had a smal
cyst in one lobe of the left kidney.
The observations cited were the only abnormal things seen and the>
were not significant. There was nothing of a gross pathological nature tc
differentiate the animals of the two groups. All veterinarians presen
agreed that all carcasses, on the basis of routine slaughter house inspec
tion, were equally suitable for human consumption.
Two staff members of the Louisiana State University Animal Industry
Department examined, on October 24, 1949, all 10 carcasses in the coole;
of the Shreveport Packing Company. From the group which had drunl
fresh well water, two carcasses were graded high medium, two low medi
um and one common. From the group which had drunk paper mill wast<
water, two carcasses were graded medium, two low medium and one high
common.
Data in Table 3 show that the average gain per steer for the period
of test, April 2 to October 19, for the steers drinking waste water was 18^j
pounds. Data in Table 4 show that the average gain per steer for thdj
period of test, April 2 to October 19, for the steers drinking fresh welj
water was 206 pounds. The average difference of 17 pounds per steei
bet^veen the steers drinking fresh well water and those drinking wast(
water is not statistically significant. A difference of 32 pounds is requirec
for significance. The animals in both groups on the pasture areas los
weight before the October 19 weighing because of lack of sufficien
forage in the pasture areas.
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Effects of Red Chute Bayou Water Containing Paper Mill Waste as
Drinking Water for Steers Grazing on Improved Pasture near
McDade, 1949-50
An experiment was conducted from October 1948 through June
1950 at McDade, Louisiana, on land bordering Red Chute Bayou. This
stream carries the waste water from the Springhill paper mill to the Red
River. Many of the complaints relating to damages from waste water
to agriculture were from farmers along Red Chute Bayou. The greatest
objection to the use of this stream for the disposal of paper mill waste was
associated with damage to cattle. This experiment was designed to de-
termine whether or not the waste water in Red Chute Bayou was harm-
ful to cattle. The topography and soil conditions at this location were
very similar to those on the land in use by the cattlemen in the vicinity.
Red Chute Bayou is used for watering livestock by most landowners
along the stream.
The site for the experiment was carefully selected. Since the practice
in this area is to graze steers on supplemental pasture crops and clover-
grass mixtures, this practice was followed in the experiment. The 16-acre
area was fenced and work was begun toward establishing the pastures.
Seedbed preparation was begun on October 4. The entire area was fer-
tilized with 500 pounds of 3-12-12 per acre and seeded to one bushel of
Victorgrain oats per acre on October 27. On November 2, white clover
1 and Dallis grass were seeded at the rate of 6 pounds and 15 pounds per
acre, respectively. The area was then divided into four pastures of four
acres each. In two of the pastures the steers were required to drink fresh
well water while in the other two pastures the steers were required to
drink water pumped from Red Chute Bayou.
The steers were to have been placed on the pastures in late No-
vember 1948. However, because of the late planting and the boggy
nature of the recently prepared seedbed, grazing was delayed until the
fall of 1949. The period that the steers were on the pasture had to
coincide with the time that the waste water was being discharged through
Red Chute Bayou. This period varied from year to year but usually
began in late November, and waste water was usually in the stream at
different concentrations until April or May.
In the spring of 1949 the oats and clover were cut for hay early
enough for the clover to reseed and for the Dallis grass not to have too
much competition. Through the summer of 1949, the pastures were
clipped to keep the weeds down. Common rye grass was seeded in late
September at a heavy rate to prevent clover bloat.
During the latter part of September 1949, 16 steers were purchased
for this experiment. They were all grade Herefords obtained at live-
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stock auctions in Northwest Louisiana and Southwest Arkansas. Th(
steers were divided into four groups on the basis of weight and class or
November 11, 1949. On this date the steers were wormed, vaccinated foi
blackleg and hemorrhagic septicemia and tatooed by a member of th(
staff of the Louisiana State University Veterinary Science Department
The steers were permitted to graze on the entire area and all dranl
well water until November 28, 1949. On this date the steers were weighec
again and two groups of four steers each were placed in two of the
four-acre pastures and were forced to drink water containing paper mil
waste pumped from Red Chute Bayou. Two groups of four steers eacf
were placed in two other four-acre pastures and were forced to drinl
fresh well water. At that time the water in the bayou was discolored b^
paper mill waste. The steers remained on the pastures and drank th(
kind of water indicated until the end of the experiment on June 14
1950, when the bayou was free from paper mill waste.
The growth of both rye grass and clover was poor in the pasture
areas when grazing began, so each steer was given one pound of cotton
seed meal and approximately eight pounds of alfalfa-grass hay per day
There was very little green forage available in late December, so the
cottonseed meal was increased to two pounds per steer per day.
The steers were weighed every 14 days in order to determine whethei
they had refused to drink the bayou water for a long enough time tc
cause loss of weight. By early spring the white clover was growing sc
luxuriantly that some of the steers were beginning to bloat.
Three steers died during the experiment. Two of these were on con
taminated bayou water. The first. No. 47V, died February 19, 1950, anc
was posted by two veterinarians from Shreveport, who attributed death
to pneumonia. The second steer. No. 45V, died during the night or earh
morning of March 30, 1950. This steer was posted March 31 by a mem
ber of the staff of the Veterinary Science Department of Louisiana State
University and four Shreveport veterinarians. All agreed that the steei
died from clover bloat. The third steer. No. 49V, died during the nigh
of April 2 or early morning of April 3, 1950. He was on one of the
pasture areas where the steers drank fresh well water. The steei wa;
posted April 4 by three veterinarians from Shreveport and all agreec
that the steer died from clover bloat.
After it was determined that the death of two steers had beer
caused by clover bloat, controlled grazing was begun, and dry hay wa;
fed to prevent bloat. The steers were penned late each afternoon anc
held overnight. Dry hay was fed each morning before turning the steer,
back on the pastures.
In the original design of the experiment, one of the four lots o:
steers was to have been grazed on a pasture irrigated with waste wate]
from Red Chute Bayou and one lot ^\'as to have been grazed on a pasture
irrigated with fresh ^vell Tvater. The other t^vo lots were to have been
grazed on non-irrigated pastures in one of Avhich ^vaste ^vater from the
bayou was to be used for drinking ^vater and in the other fresh ^vell
water was to be used for drinking. Since irrigation could not be pro-
vided, the experiment finally consisted of i^\'o lots of eight steers each.
One lot was on a non-irrigated pasture and drank waste \\'ater from the
bayou, and the other lot was on a non-irrigated pasture and drank
fresh well water. As mentioned above, one steer on waste ^vater died
of pneumonia, one steer on waste water died of clover bloat and one
steer on fresh water died of clo\'er bloat before the end of the ex-
periment. Data in Table 5 show the bi-monthlv weights of each of
the steers drinking waste Tvater from the bayou. Data in Table 6 show the
bi-monthly weights of each of the steers on fresh well water.
The 13 steers that remained in the experiment ivere trucked to
Shreveport Packing Company's slaughter house on June 14. 1950. Each
TABLE 5.—Bi-monthlv ^veights shelving gains or losses of steers forced to drink Red
Chute Bayou water containing paper mill waste water while being grazed
on improved pasture near McDade, 1949-50
0 Steer
^Veights per steer, lbs
No. Nov. 28 Dec. 12 Dec. 27 Jan. 10 Jan. 24 Feb. 7 Feb, 25 Mar. 14
43V 565 600 620 655 630 645 660 675
1}
53V 420 470 510 505 520 555 560 600
i
41V 385 425 445 440 430 465 510 550
45\^ 505 555 570 565 575 575 600 605
k 44\^ 380 380 410 400 390 380 405 460
h 47V 525 510 530 545 550 505 Died Feb. 19. 1950
IF
54\^ 495 515 540 530 535 570 605 640
If
51V 385 385 425 445 455 465 520 560
t.
Av. wt. 457 480 506 511 511 520 531 584
i: Steer
Weights per steer. lbs. Gain to
K No. Mar. 28 Apr. 1
1
Apr. 25 Mav 9 Mav 23 June 6 June 14* June 6
2 43V 730 765 770 800 840 870 825 305
i 53\^ 640 680 675 700 740 785 760 365
41V 570 625 640 670 720 760 720 375
s
45V 645 Died March 31 1950
44V 505 520 535 600 590 635 595 255
t 47V
i 54V 660 675 700 750 800 805 760 310
f 51V 600 605 620 695 680 705 665 320
Av. w t. 621 645 657 703 7^8 760 721 322
*"\Veighed at Shreveport Packing Companv"s slatighter house.
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steer was weighed and slaughter house numbers were assigned to each
steer so that none ol the veterinarians would be able to identify the
steers during examination. Observations were made by two Louisiana
State University veterinarians as to appearance and general condi-
tion. In their report, they stated that there was no indication whatsoever
ot any involvement of the nervous system. Two of the steers, No. 50V and
No. 57V, were not of the siime degree of finish as the others. However,
in their opinion there was nothing out of the ordinary about these two
steers. Both of them were recorded as having been smaller at the outset
of the experiment than the others and never did develop quite the same
degree of finish.
The steers were then slaughtered in a random order and the veteri-
narians inspected each carcass and the vital organs from each steer.
Post-mortem observations did not reveal anything out of the ordinary.
All carcasses were very acceptable for human consumption. After the
carcasses had been cooled, they were graded by the Shreveport Pack-
ing Company's meat inspector. From the group that had drunk water
TABLE 6.—Bi-monthly weights showing gains or losses of steers forced to drink fresh
well water while being grazed on improved pasture near McDade, 1949-50
Steer
Weights per steer, lbs.
No. Nov. 28 Dec. 12 Dec. 27 Jan. 10 Jan. 24 Feb. 7 Feb. 25 Mar. 14
57V 325 310 330 330 335 350 385 430
46V 490 520 530 535 540 555 585 630
59V 470 465 490 485 520 490 515 555
49V 545 535 565 560 560 555 575 615
50V 355 375 385 360 380 365 405 435
56V 395 400 410 440 430 445 500 555
52V 575 550 590 590 610 640 670 705
40V 550 560 565 530 530 530 580 640
Av. wt. 463 464 483 478 488 491 527 571
No.
Weights per steer, lbs. Gain to
Steer Mar. 28 Apr. 11 Apr. 25 May 9 May 23 June 6 June 14* June 6
57V 465 520 540 575 615 635 590 310
46V 670 690 725 775 815 840 780 350
59V 595 650 680 715 765 770 740 300
49V 665 Died April 3, 1950
50V 470 500 525 540 550 575 560 220
56V 605 660 700 750 760 795 785 400
52V 740 770 800 835 845 875 830 300
40V 680 720 745 795 835 875 850 325
Av. wt. 611 644 674 712 741 766 734 315
*Weighed at Shreveport Packing Company's slaughter house.
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containing paper mill ^vaste, one carcass ^vas graded good, four com-
mercial and one utility. From the group that had drunk fresh ^vell
water, one carcass ^vas graded good, four commercial and two utility.
The average dressing per cents for the two groups of steers were very
close together. The steers drinking Red Chute Bayou ^vater had an
average dressing per cent of 56.2 and the steers drinking fresh "well ^vater
had an average dressing per cent of 57.2.
The steers were on test from November 28, 1949, to June 14, 1950.
According to B. O. D. tests, waste Avater wrs in Red Chute Bayou from
November 17, 1949, until April 7, 1950. Data in Table 5 show that the
net average gain per steer drinking ^vater pumped from Red Chute Bayou
from November 28, 1949, to June 6, 1950, the last time the steers were
weighed at the pasture, ^\as 322 pounds. Data in Table 6 sho^v that the
net average gain per steer drinking fresh ^vell ^vater for the same
period of time ^vas 315 pounds. This is a difference of 7 pounds per
steer between the steers drinking bayou ^vater and the steers drinking
well water. This was not a significant difference in the gain for the
total grazing period and the rate of gain bet^veen the t^vo groups ^vas
quite uniform throughout the experiment. There no indications
that steers drinking Red Chute Bayou water containing paper mill
^vaste refused to drink the ^vater.
Both groups of steers ^veighed less on June 14 at the slaughter house
than they did on June 6 at the pastures. The net average gain per steer
for those that had drunk ^vaste -water from the bayou ^vas 283 pounds at
the packing house while the net average gain for those that had drunk
fresh well ^vater ^vas 282 pounds.
Effects of Paper Mill Waste Water as Drinking Water on Cows and
Calves Grazing on Improved Pasture at Springhill, 1950-54
An experiment ^vas begun in September 1950 to determine the effects
of undiluted paper mill ^v^aste ^vater as a source of drinkin,s^ ^vater on the
productive capacity of co^vs. Although the experiment ^vas designed pri-
marily to test the effect of paper mill Avaste A\'ater on coavs, data Avere
also obtained on the effects of Avaste ^\'ater and well Avater on the ^veights
and selling prices of calves.
A comparison was made between a group of bred co^vs grazed on
pasture and forced to drink onlv paper mill ^vaste ^vater and a like
group grazed on similar pasture and forced to drink fresh ^vell ^vater.
A group of bred co^vs wrs purchased in September 1950 to be placed
on the pastures. The cows were of mixed breeding, mostly Jersey, Here-
ford or Angus. They -were tested for brucellosis and checked for preg-
nancy by a staff member of the Veterinary Science Department of Lou-
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isiana State University. On Sej^tember 27, 1950, 16 cows that were knowi.
,
to be pregnant and tested negative for brucelloisis were selected. The
cows were then vaccinated for brucellosis.
From the time the cows were bought until they were put on test all
were together and drank well water. On October 18, 1950, the cows
were separated into two groups. Eight cows were placed on one pasture
area where the only drinking water was paper mill waste water and the
other group was placed in a similar pasture area where the only drink-
ing water was fresh well water.
The pastures used in this experiment were those that had been
grazed by steers in an experiment in 1949. The pasture areas were 6.5
acres each and had received the same treatments since their establish-
ment in 1948. The practices followed during this experiment made use
of both permanent and temporary crops. Dallis grass and white clover
had been established in 1948 and were still maintaining a good stand.
Since common Bermuda grass tends to be the dominant grass in this area
when pastures are regularly fertilized, this grass had become established
in both pasture areas by 1950. Rye grass was overseeded on the pastures
at the rate of 15 pounds per acre in October 1950, but very little grazing
was available during the winter months. Supplemental feed, consisting
of cottonseed cake or cottonseed meal and alfalfa-grass hay, was pro-
vided during the winter. The amount of feed provided depended on
weather conditions and on amount of grazing available. Each pasture was
fertilized with 200 pounds of 3-12-12 per acre, in March 1951, with
200 pounds of 8-8-8 and 100 pounds of nitrate of soda in April, and with
200 pounds of nitrate of soda in June. The pastures were overgrazed in
the summer and fall of 1951 as no cows could be removed from the
pastures without affecting the experiment. The pastures were overseeded
with 15 pounds of rye grass per acre and 15 pounds of crimson clover per
acre on October 5, 1951. The pastures were top-dressed with about 230
pounds of 8-8-8 per acre in November 1951. Because of the overgrazed
condition, crimson clover was seeded to insure a legume in the winter of
1951 and spring of 1952. Supplemental feed consisting of hay and
grain was provided for the cows during the winter of 1951-52. The
amount of supplemental feed provided depended upon weather con-
ditions and amount of grazing available from the pastures.
In March 1952, 300 pounds of 3-12-12 per acre were applied to the
pastures and in May the pastures were top-dressed with 300 pounds of
8-8-8 per acre. Then in July, 200 pounds of nitrate of soda were applied
as a top-dressing. Rye grass was overseeded at the rate of 15 pounds per
acre and 200 pounds of nitrate of soda per acre were applied in early
November 1952. The supplemental feed provided for the cows during
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the winter of 1952 consisted of breeder range checkers and mixed grass
hay.
In April 1953 the pastures were fertilized with 300 pounds of 3-12-12
per acre. They were top-dressed later in June with 200 pounds of nitrate
of soda. Early in October 1953 the pastures were overseeded with 6
pounds of crimson clover and 15 pounds of rye grass per acre. In late
March 1954 the pastures were top-dressed with 200 pounds of 3-12-12
per acre. In June 1954, 200 pounds of nitrate of soda per acre were ap-
plied as a top-dressing.
1 Irrigation from an overhead sprinkler system was provided in No-
I vember 1952 for the pastures. Permanent underground lines were in-
stalled along the length of the pastures. The system was so designed that
; fresh well water could be applied to one pasture and paper mill waste
: water could be applied to the other pasture at the same time. Paper
. mill waste water was used as irrigation water on the pasture where the
I cattle were drinking paper mill waste water, and well water was used for
I irrigation on the pasture where the cattle were drinking well water. In
s: both 1953 and 1954 it was necessary to begin irrigating the pastures in
] June. Water was applied as needed from June until November during
;i these years. In 1953 irrigation was almost continuous from June until No-
• vember. The last application was made to insure sufficient moisture
II for the germination of clover and rye grass seed in the event of no
sj rainfall at the time. In 1952 and 1953 the months of September, Oc-
1 tober and November were very dry and not enough moisture was pro-
\ vided by rainfall for germination and rapid growth of pasture plants,
n The exact amount of water applied per acre each year was not measured
el but equal amounts of waste water and fresh well water were applied.
i The cows on the pastures began to calve in late winter of 1950.
1 One cow drinking fresh well water and one cow drinking waste water
()
I
lost their calves prematurely. The cow that was drinking fresh well
dj water lost her calf in November 1950 and the cow that was drinking
)fj paper mill waste water lost her calf in January 1951. Tests of tissues
dl from the calves and of blood from thQ cows showed both cows to be
le carriers of brucellosis. Staff members of the Veterinary Science Depart-
rtj ment were unable to determine if brucellosis was the cause of the loss of
the calves, but a check of the regenerative organs led them to believe
lej! that these cows would be sterile, so both were sold in 1951. Another cow
in the group drinking fresh well water had difficulty in delivering an
i unusually large calf. This calf had to be taken by a veterinarian in May
ei 1951 and was born dead. Later examination of the regenerative organs
h I by Louisiana State University veterinarians led them to believe that this
ij cow would also be sterile, so she was sold. The remaining 13 cows all
gave birth to normal, healthy calves which remained with their mothers
on the pastures until sold. Each calf drank from the same source of
water as its dam.
Controlled breeding was practiced during the remainder of the ex-
periment. The same Hereford bull was used for breeding both groups of
cows. One pregnant cow was bought early in 1952 to replace the cow on
the fresh water pasture that had lost her calf in May 1951. This gave
a total of 14 cows, or 7 cows drinking each source of water. Each of the
14 cows produced a normal, healthy calf in the spring of 1952. The
calves remained on the cows until they were sold iri the late fall of 1952.
All 14 cows were bred and again produced calves in 1953. The calves
born in 1953 were normal. One cow in the group drinking fresh well
water died in September 1953. She was sick for several days, and her
death was caused by severe kidney infection.
In 1954, the last year of the experiment, there were six cows in the
group drinking fresh well water and seven cows in the group drinking
waste water. The six cows in the group drinking fresh well water and
six cows in the group drinking waste water gave birth to normal, healthy
calves. One cow in the group drinking waste water was slow to breed in
1954. She had not delivered the calf when the experiment was discon-
tinued but it was certain that she was pregnant. The calves remained with
the cows until they were sold in November 1954. The 13 cows were soldj
within a few days after the calves were sold.
Of the losses of cows and calves during this experiment none could
in any way be associated with the watering or feeding practices. All
cows bred while on the experiment conceived and carried their calves
to term. The general conditions of the cows in the two groups during
the entire experiment were similar. Observations made frequently
and regularly throughout the course of the experiment showed no dele-
TABLE 7.—Weights and prices of calves born of cows drinking waste water and]
grazing on pasture irrigated with waste water
Av. age of Av. wt. of Av. selling Av. price
calves when calves when price per received
Year sold sold cwt. per calf
days lbs. dollars dollars
1951 169 431 $29.00 $122.32
1952 174 421 22.90 96.69
1953 204 482 13.70 66.75
1954 220 430 14.80 64.04
Av. 187 441 20.10 87.45
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terious effects on the reproductive capacities of cows drinking undiluted
paper mill waste water.
The data in Table 7 show the average weights and prices, by years, of
calves from the cows drinking waste water and grazed on pasture ir-
rigated with waste water.
The data in Table 8 show the average weights and prices, by years, of
calves from cows that were forced to drink fresh well water while being
grazed on pasture irrigated with fresh well water.
TABLE 8.—Weights and prices of calves born of cows drinking fresh well water and
grazed on pasture irrigated with fresh well water
Av. age of Av. wt. of Av. selling Av. price
calves when calves when price per received
Year sold sold cwt. per calf
days lbs. dollars dollars
1951 181 397 $29.30 $116.03
1952 175 394 21.60 85.76
1953 219 476 13.70 64.88
1954 222 470 14.20 66.61
Av. 199 432 19.70 83.32
The calves born of the cows during the experiment were of very
good quality. The general appearances, average weights and the prices
received for the calves when they were sold show that no practical dif-
ferences existed between the two groups. After the calves were slaughter-
ed, no differences were found between quality of the carcasses of the
calves from the waste water treatment and the quality of the carcasses
of the calves from the fresh water treatment. As with the cows, use of
the waste as a source of drinking water and irrigation water for pasture
caused no deleterious effects on calves.
Effects of Paper Mill Waste Water and Fresh Well Water as Irrigation
Water on Corn, Cowpeas, Pasture Grasses and Clovers at Springhill,
1952-56
In 1952 plans were made to change the studies of effects of paper mill
waste water on crops and soil. Yield data for the four previous years had
shown no significant effects of waste water on the yields of crops grown on
soil flooded with different amounts of water each spring before plant-
ing. The area under test could not be expanded for additional studies,
so a new location was chosen for the experiment. The experiment in the
past had been designed primarily to determine the detrimental effects
of paper mill waste water. Previous observations by the Springhill mill
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had shown that corn and many vegetables were highly productive when
irrigated with paper mill waste water during periods of deficient mois-
ture.
The new experiment was located adjacent to the main waste water
impounding basin, and the experiment was designed to determine both
beneficial or detrimental effects of paper mill waste water when ap-
plied to corn, cowpeas and pasture mixtures. The residual effects of
paper mill waste water on the oats and hairy vetch in rotation on plotsi
previously irrigated and the effects of waste water on the soil were also|
studied.
j
The experimental area was divided into three blocks of equal!
size. Blocks 1 and 3 were on fairly uniform Almont very fine sandy
loam soil, but block 2 was so irregular in topography that a large amount
|
of soil was hauled in to level the surface. Much of the soil moved in was|
subsoil material not well suited for crop growth. This block was largely}
silt loam. It was poorly drained and had a more impervious surface
soil and subsoil.
Each block was divided into three main plots and each of the main
plots was planted to a different crop. In each main plot there were five
water treatments or subplots. The subplot size for each water treatment
was 25 feet by 125 feet. The water treatments were: no water added, 12
inches of waste water per acre, 12 inches of fresh well water per acre,|j
24 inches of waste water per acre, and 24 inches of fresh well water per
acre per year.
The crop or crop combinations in the experiment each year were as
follows: hairy vetch followed by corn, oats for hay followed by cowpeas,
and a pasture mixture of Kentucky 31 fescue, Dallis grass and white
clover. Only the corn, cowpeas and the pasture mixture were irrigated
each year. The hairy vetch and the oats were grown when no irrigation
water was needed.
jThe method used in irrigating the row crops in the experiment was!
by flowing the water down the middle of the row's furrows. The pasture!
plots were irrigated by flooding the entire plot. A levee had to be built
around each plot when irrigating.
The water used for irrigation was paper mill waste water and freshij
well water. The waste water was pumped directly from the impounding!
basin and the well water was taken from a water main used to supply!
water to the paper mill. The total solids in the waste water varied dur-i;
ing the years, but most samples tested less than 1,500 p.p.m. total]
solids. The conductivity of the samples varied from 1,900 to 1,950 mi-j
cromhos at 25 degrees C.
1
Hairy vetch was planted in October 1952, but no yield data werej
I
taken before it was plowed under since none of the plots had been pre-
viously irrigated. In the fall of 1953 and 1954, the plots ^vere fertilized
with 300 pounds of 3-12-12 per acre and seeded to 30 pounds of hairy
• vetch. The vetch was harvested, weighed and turned under in March.
1 The vetch was not irrigated but the corn and co^vpeas ^vhich it followed
. had received irrigation in 1953 and 1954. The yields of vetch in pounds
[
per acre on the air-dry basis are given in Table 9.
i
An analysis of data in Table 9 shows that the residual effects on
) hairy vetch from two yearly applications of 12 inches per acre and 24
1 TABLE 9.—Residual efFects of waste water and of fresh well water applied to pre-
, ceding crops of corn and cowpeas on the yield of air-dry hairy vetch
Increase for
Treatment 1954 1955 2-vr. av. added water
Ibs./A. lbs./A. Ibs./A. lbs./A.
No water added 2,759 3,153 2,956
12 in. waste water 2,759 4,321 3,540 484
12 in. well water 2,614 3,044 2,829 -127
24 in. waste water 2.614 3.561 3.088 132
24 in. well ^sater 3,049 3,025 3,037 81
!, inches per acre of waste water applied to corn and cowpeas preceding
r vetch did not carry over to reduce the yields of vetch.
Corn followed hairy vetch in the experiment. A complete fertilizer
IS was applied to the plots to be planted to corn each year at the time of
5, planting. In 1953 and 1954, 600 pounds of 8-8-8 per acre were used
e and Dixie 11 corn hybrid was planted in April. The corn ^v3.s side-
d dressed with 300 pounds of nitrate of soda in May ^vhen it ^^vas approxi-
n mately 12 inches high.
In 1953, irrigation began on June 8 and in 1954, irrigation began on
li June 6. It was necessary to irrigate some after the corn ^vas made in order
e to get the predetermined amount of -^vater on the plots.
It Data showing yields of corn for the years 1953 and 1954 are pre-
sented in Table 10.
;h The addition of the ^vaste ^vater to corn ^vas beneficial instead of
i» detrimental. The increase in the yield of corn from irrigation with 12
If inches of ^vaste ^va.ter per acre ^v^.s 54.3 bushels per acre. The increase
r- from 24 inches of waste "water per acre ^vas 64.8 bushels. "^Vhile the in-
al creases from irrigation with fresh ^va.tGT were higher than those "with
li- waste water, they ^vere not significantly higher.
Oats were first planted in the experiment in the fall of 1952, but
It since none of the plots had been irrigated, no yield data Avere taken. In
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TABLE 10.—Effects of two levels of waste water and two levels of fresh well water as
irrigation waters on the yield of corn
Increase for
Treatment 1953 1954 2-yr. av. added water
bu./A. bu./A. bu./A. bu./A.
No. water added 32.2 16.9 24.6
12 in. waste water 80.9 76.8 78.9 54.3**
12 in. well water 89.2 77.9 83.6 59.0**
24 in. waste water 96.8 81.9 89.4 64.8**
24 in. well water 97.8 86.3 92.1 67.5**
**Significantly higher than non-irrigated at the 1 per cent level.
the fall of 1953 and in 1954, 300 pounds of 3-12-12 per acre were ap-
plied and 3 bushels of Ferguson oats per acre were planted on plots
following corn. In 1953, the oats were top-dressed with 300 pounds of
nitrate of soda per acre, and in 1954, the oats were top-dressed with 200
pounds of nitrate of soda per acre. The oats planted in the fall of 1953
were cut for hay in early April 1954. The oats planted in the fall of 1954
were cut for hay in early May 1955. The plots on which the oats were
grown were irrigated in 1953 and 1954 with the amount and kind of
water indicated in Table 11.
The data in Table 1 1 show that there were no residual effects on oats
from two annual applications of 12 inches per acre and 24 inches per
TABLE 11.—Residual effects of waste water and fresh well water on the yield of air-
dry oat hay
Increase for
Treatment 1954 1955 2-yr. av. added water
T./A. T./A. T./A. T./A.
No water added 2.47 3.48 2.93
12 in. waste water 2.67 3.63 3.15 0.22
12 in. well water 2.72 3.19 2.96 0.03
24 in. waste water 2.11 3.63 2.87 —0.06
24 in. well water 2.54 3.12 2.83 —0.10
acre of either the waste water or the fresh well water applied to corn and
cowpeas preceding oats.
In 1953 and 1954, after the oat stubble was plowed under, 300 pounds
of 3-12-12 per acre were applied and Whippoorwill cowpeas were planted
in May. In 1953, irrigation by the furrow method was begun June 19,
and in 1954, irrigation was begun June 28. The yields of cowpea hay and
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dry cowpeas in the hull as affected by irrigation with waste water and
with fresh well water are shown in Table 12.
TABLE 12.—Effects of two levels of waste water and fresh well water as irrigation
waters on yields of cowpea hay and dry cowpeas in the hull
1 Qp;^ 19^4 9 vr4-yr. av.
Increase for
added water
Treatment hay peas hay peas hay peas hay peas
T./A. Ibs./A. T./A. Ibs./A. T./A. Ibs./A. T./A. Ibs./A.
No water
added 6.47 2,628 3.22 1,314 4.85 1,971
12 in. waste
water 5.89 2,282 3.70 1,936 4.80 2,109 —0.05 238
12 in. well
water 6.22 2,628 3.70 2,420 4.96 2,524 0.11 553
24 in. waste
water 6.22 2,558 3.53 2,212 4.88 2,395 0.03 414
24 in. well
water 6.30 2,489 3.98 2,351 5.14 2,420 0.29 449
No significant beneficial or detrimental effects on the yields of
cowpea hay or dry peas from the use of either kind of water were ob-
served in 1953. In 1954, the addition of waste water and well water at
^ the same two levels to peas significantly increased the yields of dry peas
1
over those not irrigated. There were no significant differences in the
yields of dry peas among the irrigation treatments. Neither kind of ir-
rigation water increased the yield of cowpea hay significantly over the
yield of peas not irrigated.
The pasture plots were established in the fall of 1952. Dolomitic
limestone at the rate of 1.5 tons per acre and 500 pounds of 3-12-12 per
i acre were applied to the pasture plots on November 24, 1952. A mixture
of 12 pounds of Kentucky 31 fescue, 12 pounds of Dallis grass and 8
i pounds of white clover per acre was seeded on November 29. An addi-
' tional 300 pounds of 3-12-12 per acre were applied as a top-dressing in
,
April 1953. The pasture was cut on June 2, August 19 and October 15
=1 in 1953. Nitrate of soda was applied at the rate of 200 pounds per acre
j
after each of the first two cuttings. Total plant nutrients applied for
ill the growing season were 120 pounds of nitrogen, 96 pounds of P2O5 and
; 96 pounds of KgO per acre. Since the stand had not been adequate for
li
I
high yields in 1953, the plots were reseeded on October 19, 1953, with
i
\
5 pounds of white clover and 19 pounds of Kentucky 31 fescue per acre.
i On March 27, 1954, the plots were top-dressed with 300 pounds of
i 3-12-12 per acre. The pasture was cut on May 17, July 12, August 12
\
I
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TABLE 13.—Effects of two levels of waste water and fresh well water as irrigation wa-
ters on the yield of Kentucky 31 fescue, Dallis grass and white clover
Increase for
Treatment 1953 1954 2-yr. av. added water
T./A. T./A. T./A. T./A.
No water added 1.56 2.69 2.13
12 in. waste water 3.99 3.68 3.84 1.36*
12 in. well water 3.48 3.49 3.49 1.71*
24 in. waste water 3.66 3.30 3.48 1.65*
24 in. well water 3.96 3.60 3.78 1.35*
*Significantly higher than non-irrigated at the 5 per cent level.
and September 11 in 1954. Additional nitrogen at the rate of 200 pounds
of nitrate of soda per acre was applied after each of the first three cut-
tings. Total nutrients applied for the 1954 growing season were 105
pounds of nitrogen, 36 pounds of P2O5 and 36 pounds of KgO per acre.
Irrigation by flooding the entire plots began June 16. The average yields
for 1953 and 1954 are presented in Table 13. The addition of both levels
of waste water and fresh well water to the pasture mixture increased the
yields of hay by significant amounts. There were no significant differ-
ences in the yields of hay between pasture irrigated with waste water
and pasture irrigated with fresh well water. There was no significant
difference between the pasture mixture irrigated with 12 inches of water
and the pasture mixture irrigated with 24 inches of water.
Since the 1953-54 results from the use of waste water on crops had
indicated no particularly deleterious effects, it was obvious that more
attention should be given to the beneficial effects from the use of waste
water. The experiment was changed after 1954 and both the waste water
and fresh well water were applied to the crops only when needed. The
rotation of the crops and the seeding and fertilizer practices were the
same as previously described except that Coastal Bermuda grass over-
seeded with crimson clover was substituted for the pasture mixture. The
vields presented for each crop with water added as needed are averages
of yields from the plots that had received 12- and 24-inch treatments of
the waters before 1955.
Vetch planted in the fall of 1955 was harvested, weighed and turned
under in April 1956. The data given in Table 14 are based on the
yields of air-dry hairy vetch harvested from plots that had received a
total of 40.0 inches of waste water or fresh well water per acre from
1953 through 1955. The data show that there were no significant residual
effects on hairy vetch from the three annual applications of waste water
or fresh water applied to corn and cowpeas preceding the vetch.
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TABLE 14.—Residual effects of waste water and of fresh well water applied to pre-
ceding crops of corn and cowpeas on the yield of air-dry hairy vetch
Treatment 1956
Increase for
added water
lbs. /A. lbs. /A.
No water added 1,869
Waste water added as needed 2,004 135
Well water added as needed 1,891 21
Corn followed the pasture mixture in 1955 and followed vetch in
1956. In 1955, irrigation began on June 21, and 9.5 inches of waste
water and fresh well water were applied per acre in the respective
TABLE 15.—Yields of corn as affected by the application of waste water and fresh
well water
Increase for
Treatment 1955 1956 2-yr. av. added water
bu./A. bu./A. bu./A. bu./A.
No water added 42.8 36.3 39.6
Waste water added as needed 73.4 84.3 78.9 39.3**
Well water added as needed 76.8 92.7 84.8 45.2**
Significantly higher than non-irrigated at the 1 per cent level.
treatments. In 1956, irrigation began on June 4, and 11.0 inches of
waste water and fresh well water were applied per acre. The yields of
corn in 1955 and 1956 are presented in Table 15.
The addition of the waste water to corn was beneficial instead of
detrimental in both 1955 and 1956. The yields of corn irrigated with
waste water and with fresh well water were significantly higher than the
yield of corn that received no irrigation. The increase in the yield of corn
from irrigation with waste water was 39.3 bushels per acre, while the
increase in the yield of corn from irrigation with fresh well water was
TABLE 16.—Residual effects of waste water and fresh well water applied to preced-
ing crops of corn and cowpeas on yields of air-dry oat hay
Treatment 1956
Increase for
added water
T./A. T./A.
No water added 4.28
Waste water added as needed 4.02 -0.26
Well water added as needed 4.25 -0.03
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45.2 bushels per acre. While the increase from irrigation with fresh well
water was higher than that from waste water, it was not significantly
higher.
Oats planted in the fall of 1955 were cut for hay in May. Yields
presented in Table 16 are based on the air-dry oat hay harvested from
plots that had previously received a total of 41.0 inches of waste water
per acre or 41.0 inches of fresh well water per acre from 1953 through
1955.
The data show that there were no residual effects on oats grown on
plots which had been previously irrigated with either waste water or
well water.
In 1955, the cowpeas were first irrigated on July 9, and 7.0 inches
of waste water or fresh well water were applied per acre. In 1956, irri-
gation began on July 18, and 7.4 inches of waste water or fresh well
water were applied per acre. The yields of air-dry cowpea hay and dry
peas in the hull per acre as affected by irrigation with waste water and
with fresh well water are shown in Table 17.
TABLE 17.—Effects of waste water and fresh well water applied as irrigation waters on
the yields of cowpea hay and dry cowpeas in the hull
1955 1956 2-yr. av.
Increase for
added water
Treatment hay peas hay peas hay peas hay peas
T./A Ibs./A. T./A. Ibs./A. T./A. Ibs./A. T./A. Ibs./A.
No water
added 2.44 2,540 2.32 1,572 2.36 2,056
Waste water
added as
needed 3.18 2,488 3.73 2,354 3.46 2,421 1.10* 365
Well water
added as
needed 3.19 2,385 3.71 2,710 3.45 2,548 1.09* 492
*Significantly higher than non-irrigated at the 5 per cent level.
In 1955 the addition of both the waste water and fresh well water
gave increases in the yield of cowpea hay, but the use of the waters for
irrigation water did not increase the yield of dry peas. In 1956 the use
of both kinds of water gave increases in the yields of cowpea hay and dry
cowpeas. The two-year averages show that the use of waste water and the
use of fresh well water significantly increased the yield of cowpea hay.
The use of the water did not significantly increase the yields of dry
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peas. There were no significant differences between the effects of the
waste water and the fresh well water.
The pasture plots were rotated in 1955 and planted to Coastal Ber-
muda grass, which replaced the pasture mixture tested in 1953 and 1954.
Fertilizer at the rate of 600 pounds of 5-10-10 per acre was broadcast
and plowed under in March, and the Coastal Bermuda grass was sprigged
on April 8, 1955. Ammonium nitrate was applied at the rate of 100
pounds per acre in June and after each of the first two cuttings. Total
plant nutrients applied for the growing season were 135 pounds of ni-
trogen, 60 pounds of P2O5 and 60 pounds of K^O per acre. Irrigation
by flooding the entire plot was begun on June 28, and 13.0 inches
each of waste water and fresh well water were applied per acre. The
grass was cut on July 21, September 1 and October 24.
In October 1955, 15 pounds of crimson clover per acre were over-
seeded on the Coastal Bermuda grass. There was a very poor stand of
crimson clover on the plots that had received irrigation during the sum-
mer and early fall. A top-dressing of 600 pounds of 3-12-12 was applied
I to the plots in March 1956. The crimson clover was cut for hay in May
1956. The Coastal Bermuda grass was cut on June 26, July 28, September
4 and October 18. Two hundred pounds of ammonium nitrate per acre
were applied after the second and third cuttings. A total of 150 pounds
of nitrogen, 72 pounds of PoO,^ and 72 pounds of K2O per acre was ap-
I
plied during the growing season. Irrigation of the Coastal Bermuda
I
grass began on June 5, and 16.5 inches of each source of water were
1
applied per acre. The yields of air-dry Coastal Bermuda grass and crim-
I
son clover hay harvested in 1955 and 1956 are presented in Table 18.
I
The additions of the waste water and the fresh water to Coastal
Bermuda grass produced highly significant increases in the yield of hay
in 1955 and 1956. There was no significant difference between the
yield of Coastal Bermuda grass hay irrigated with waste water and
I Coastal Bermuda grass hay irrigated with fresh well water. There was no
TABLE 18.—Effects of waste water and fresh well water as irrigation waters on the
yields of air-dry Coastal Bermuda grass and crimson clover hay
Treatment 1955* 1956* 2-yr. av.
Increase for
added water
T./A. T./A. T./A. T./A.
No water added 3.69 4.78 4.24
Waste water added as needed 6.53 10.48 8.51 4.27**
Well water added as needed 6.90 10.45 8.68 4 44**
*Yields for 1955 include Coastal Bermuda grass only.
**Significantly higher than non-irrigated at the 1 per cent level.
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apparent difference between the crimson clover grown on plots pre-
viously irrigated with waste water and that grown on plots previously ir-
rigated with fresh well water.
Soil samples were taken in March 1956 to determine whether or not
soluble salts were being accumulated in the soil and to determine whether
changes in the pH of the soil had been caused by the use of waste water.
The plots from which the samples were taken had been in the pasture
mixture in 1953 and 1954, and in corn in 1955. The soluble salts and
pH were determined by the State Soil Testing Laboratory at Louisiana
State University. The data are presented in Table 19.
TABLE 19.—The soluble salt content and the pH of Almont very fine sandy loam as
affected by the application of paper mill waste water and fresh well
water as irrigation water, 1953-1955
Block Block 2 Block 3 Average
Amount and kind Sol. salts, Sol. salts. Sol. salts. Sol. salts.
of water p.p.m. pH p.p.m. pH p.p.m. pH p.p.m. pH
Surface soil, 0 - 6 in.
No water added 210 6.7 170 6.6 180 6.4 220 6.6
34 in. waste water 340 7.6 390 7.7 250 7.5 270 7.6
34 in. well water 180 7.1 240 6.9 190 6.7 200 6.9
58 in. waste water 850 7.4 520 7.9 380 7.9 580 7.7
58 in. well water 380 6.7 300 7.1 200 7.2 290 7.0
Subsoil, 6 in. to 18 in.
No water added 220 6.3 230 5.4 220 5.2 230 5.6
34 in. waste water 330 7.6 410 6.2 370 5.8 340 6.5
34 in. well water 250 6.8 380 5.2 230 5.6 310 5.9
58 in. waste water 470 7.7 790 6.3 750 5.3 670 6.4
58 in. well water 380 6.5 300 5.6 250 4.9 310 5.7
It is obvious from the data that there was no appreciable build-up of
soluble salts in the soil where waste water had been applied as irrigation
water. Crop plants will commonly tolerate 2,000 p.p.m. or 0.20 per cent
soluble salts on the basis of soil weight if most of the salts are chlorides
and sulfates. None of the treated soil tested approaches this amount.
The soluble salt content was low under all irrigation treatments and
varied from 170 to 850 p.p.m. There was an increase of 360 p.p.m. of
soluble salts in the surface soil from the application of 58 inches of
paper mill waste water per acre. This increase, as judged by standards
cited in the extensive review of experiences of other workers, was too
little to cause measurable detrimental effects on the crops grown in the
experiment. There was some movement of soluble salts into the sub-
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soil and the accumulation in the subsoil was in the same order as in the
surface soil. It was low in both cases. The change in pH associated with
the application of 58 inches of waste water per acre was from 6.6 in the
surface soil of the plots that received no added water to 7.7 in plots that
received 58 inches of waste water per acre. Since the change in pH was
near the neutral point, it required a relatively small amount of free
alkali to cause this increase in pH. The change of pH in the subsoil was
from 5.6 to 6.4 from the use of w^aste water. The pH was not increased
to the extent that any definite harm could be attributed to the increase.
Effects of Waste Water and Fresh Well Water Applied as Irrigation
Water by an Overhead Sprinkler System on the
Yield of a Pasture Mixture
After the cows were removed from the pasture areas that had been
used for grazing studies at Springhill through 1954, an experiment was
begun to determine the effects of waste water and fresh well water ap-
plied when needed as sprinkler irrigation on the yield of hay. The pas-
ture consisted of Bermuda grass, Dallis grass and white clover. Fer-
tilizer practices were the same as those used in irrigation studies when
the waters were added by surface flooding. In 1955, irrigation began
on June 30, and a total of 13.0 inches per acre was applied. The pasture
treatments Avere cut four times in 1955 and in 1956. The yields of hay
produced each year are presented in Table 20.
TABLE 20.—EfiEects of waste water and fresh well water applied by a sprinkler system
on the yield of a mixture of Bermuda grass, Dallis grass and white clover
cut for hay
Increase for
Treatment 1955 1956 2-yr. av. added water
T./A. T./A. T./A. T./A.
No water added 3.12 1.67 2.40
Waste water added as needed 5.32 4.38 4.85 2.45**
Well water added as needed 4.52 4.73 4.63 2.23**
**Significantly higher than non irrigated at the 1 per cent level.
Irrigating with waste water and with fresh well water increased the
yields of hay as compared with the yield from the non-irrigated treat-
ment. Both kinds of irrigation water were equally beneficial in 1955 and
1956. The increase in the yield of hay from irrigating with waste water
was 2.45 tons per acre.
In 1956, work was begun to determine the effects of paper mill ^vaste
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water applied through a sprinkler system on corn heavily fertilized
with varying rates of nitrogen. The corn was fertilized with 800 pounds
of 8-8-8 per acre and with additional ammonium nitrate applied to
bring the rates of nitrogen to 100, 150 and 225 pounds per acre. The
corn was spaced with one plant every 12 inches in rows 3.5 feet apart.
Irrigation with waste water began on July 4, and 10.4 inches were applied
per acre to the corn receiving irrigation. Split plots of non-irrigated
corn served as controls.
The yield of corn irrigated with waste water and fertilized with 100
pounds of N, 64 pounds of P2O5 and 64 pounds of KgO was 94.1 bushels
per acre. Corn irrigated with waste water and fertilized with 150-64-64
produced 95.5 bushels per acre. Where the plant food was increased to
225-64-64, the yield was 98.2 bushels per acre. The yield of corn not
irrigated but fertilized with 100-64-64 was 34.5 bushels per acre. Corn not
irrigated but fertilized with 150-64-64 produced 32.3 bushels per acre
and that not irrigated but fertilized with 225-64-64 made 33.1 bushels per
acre.
The yields of corn from all irrigated fertilizer treatments were
significantly higher than the yields of corn from all non-irrigated fer-
tilizer treatments. There were no significant differences in the yields of
corn among any fertilizer treatments receiving waste water as irrigation
water. Considerable crusting of the soil following irrigation was observed,
but this is often the case regardless of the kind of water applied to row
crops by sprinkler systems.
Another experiment was begun in 1956 to test the effects of waste
water applied as irrigation water through a sprinkler system on common
Bermuda, Coastal Bermuda grass and Dallis grass. The experiment in-
cluded treatments in which each of the grasses was tested under condi-
tions of no irrigation and no lime, no irrigation and dolomitic lime, ir-
rigation with waste water and no lime, and irrigation with waste water
and dolomitic lime. The stands were not satisfactory for taking yield
data in 1956, but the experiment is being continued.
SUMMARY AND CONCLUSIONS
Studies have been made to determine the effects of paper mill waste
water on cattle, crops and soil. Studies have also been made to determine
whether waste water could be used as a source of irrigation water in the
production of various crops.
Flooding the soil, prior to planting, with annual applications of 3, 6
and 12 inches of undiluted paper mill waste water per acre for five
consecutive years caused no significant reductions in the yields of corn,
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cotton or a meadow mixture of Dallis grass, white clover and lespedeza.
Soil analyses at the conclusion of the experiment showed no build-up of
soluble salts in the soil and showed no marked increase in the pH of the
soil from treatments with the various rates of paper mill waste water.
Near the Springhill mill, the use of fresh well water as drinking
water for steers being grazed on improved pasture was somewhat, but
not significantly, better than the use of paper mill waste water when
measured on the basis of average production of beef per steer. Observa-
tions by veterinarians and meat inspectors on the steers at the time of
slaughter showed no major differences in the health and quality between
steers that had been on waste water and steers that had been on fresh
well water.
The results of the experiment conducted near McDade showed that
steers that were forced to drink water from Red Chute Bayou containing
paper mill waste water while being grazed on improved pasture and
steers that were forced to drink fresh well water while being grazed on
improved pasture made practically the same gains of beef per steer.
Examination of each steer by veterinarians after slaughter revealed only
minor variances in the internal organs and carcasses between steers that
had been forced to drink the different kinds of water.
Paper mill waste water was as good as fresh well water when used
as a source of drinking water for bred cows and their calves. None of
the cows or their calves forced to drink paper mill waste water were
harmfully affected. Calves from both groups of cows were sold at 6-8
months of age. Calves that had been on waste water and calves that had
been on fresh well water brought equal and good prices.
The use of paper mill waste water for the irrigation of corn, cow-
peas and clover-grass meadows was particularly beneficial to corn and
meadows. Yields of the crops irrigated with waste water were in general
equal to the yields of the crops irrigated with fresh well water. Corn ir-
rigated with fresh well water produced slightly higher yields than corn
irrigated with waste water. The difference was not statistically significant.
i There were no residual effects on vetch and oats from the use of waste
water applied as irrigation water to previous crops. Analyses of the soil
I after three years of irrigation with waste water showed that there was
i
very little build-up of soluble salts in the soil and that there was an in-
crease of about one unit in soil pH, which had no apparent detrimental
;
effects on the growth of the crops.
i A mixture of Dallis grass, common Bermuda grass and white clover
irrigated with waste water applied through a sprinkler system pro-
duced a yield of 4.9 tons of hay per acre, which was an increase of 2.5
\
tons above the yield from a non-irrigated meadow.
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Corn irrigated with waste water applied through a sprinkler system
produced highly significant increases in yields as compared to corn
receiving equal amounts of fertilizer but no irrigation.
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